| INTRODUC TI ON
Globally, tomatoes (Lycopersicum esculentum) have become one of the most widely grown and consumed vegetable and they come in various sizes, shapes, colors, and varieties. They are excellent sources of ascorbic acid, anthocyanins, phenolic compounds, and carotenoids particularly lycopene, all which have high antioxidant activities (Shi & Le Maguer, 2000) . Tomato has the ability to improve the quality, acceptance, and satiety value of diets and can be consumed both as raw and processed products. The cherry and plum tomatoes are the most widely grown varieties in Nigeria among hundreds of tomato varieties grown worldwide, the latter are usually oval in shape with more solid content compared with the former, which are generally round shaped; plum tomatoes are usually considered to be more suitable for processing into sauces and pastes. With the benefit of tomatoes also lies its shortcomings, they are highly perishable in the fresh state due to their high moisture content leading to wastages and losses during harvesting and storage especially in sub-Saharan Africa. Losses in tomato productions are also accrued to poor postharvest handling practices. Therefore, the prevention of these losses and wastage is paramount especially in countries like Nigeria whose populace are all year round heavy tomato consumers and there is subsequent imbalance in demand and supply at the harvesting off-seasons (Akanbi, Adeyemi, & Ojo, 2006) . These shortcomings can, however, be reduced through the processing and conversion of tomato into other forms such as tomato powder as well as the investigation of technologies that can reduce packaging, handling, and transportation cost together with the increased shelf life. In view of this, it also important to emphasize the rapidly increasing demand of dehydrated tomato in domestic and in international markets with major portion of it being used for preparation of convenient foods (Davoodi, Vijayanand, Kulkarni, & Ramana, 2007) . In order to drive in possible solutions to these problems, there is need to understand the impact of different processing techniques on the quality of tomato products, such as tomato powder. Some of the important quality parameters of tomatoes are appearance (color, taste, size, and shape), firmness, flavor, nutritional value, and microbial safety. However, a significant number of studies have addressed the effect of some processing techniques and conditions on the quality of tomatoes (Kim & Chin, 2016; Liu, Cao, Wang, & Liao, 2010; Tigist, Workneh, & Woldetsadik, 2013) . Das Purkayastha, Nath, Deka, and Mahanta (2013) assessed the effect of drying temperatures on tomato slices, while Correia, Loro, Zanatta, Spoto, and Veira (2015) evaluated the effect temperature, time, and material thickness on the dehydration process of tomato. To the best of our knowledge, only few studies have focused on the impact of drying conditions and storage periods on the quality of tomato powder from the two varieties of tomato understudied. This research was therefore aimed at assessing the effect of different drying and storage conditions on the quality and shelf stability of powdered cherry and plum tomatoes.
| MATERIAL S
Two varieties of wholesome and fresh ripe tomato fruits (plum and cherry) were purchased from two markets (Ita-oshin and Osiele) in Ogun state, Nigeria in July 2016.
| Sample preparation
The tomatoes were visually sorted based on color (bright red), firmness, size, and absence of physical damage. After which they were washed with sterile, distilled water to remove dirts and soils, cut into slices with thickness of 10 mm, drained, placed in an air oven (LCO-3050H; Labtech, Limited, Korea) at temperatures of 60, 65 and 70°C, respectively for 18 hr using the thin layer procedure as described by Akanbi et al.(2006) . The slices were then milled into fine powder with the aid of a blender, allowed to cool, sieved through a 500 μm aperture size sieve and packaged in polyethylene films and were subjected to the following analysis.
| ME THODOLOGY

| Moisture content determination
The moisture content of the tomato powders was determined according to the method 931.04 of AOAC (2005).
| Determination of ascorbic acid
Ascorbic acid content of the tomato powder was determined using the 2,6-dichlorophenolindophenol AOAC method (1990) . Briefly, 3% of 50 ml metaphosphoric acid was added to 10 g of tomato powder in a volumetric flask, after which it was centrifuged in a centrifuge (Hettich Zentrifugen Company, Germany) at 4,000 g for 15 min and titrated to a pink endpoint with a standard dye. The ascorbic acid content (%) was calculated from the dye factor, titration value, volume, and dilution of the sample.
| Determination of lycopene content
Tomato powder (1.0 g) of each sample was accurately weighed into 125 ml Erlenmeyer flask, then 100 ml of hexane:ethanol:acetone in ratio 2:1:1 was added. The flask was then sealed with a rubber stopper, after 30 min of extraction, the absorbance of the supernatant containing lycopene was measured at 503 nm using a spectrophotometer (Buck Model 20A; Buck Scientific, East Norwalk, CT, USA).
where A 503 = absorbance at 503 nm W = weight of sample
| Determination of pH
The pH of the tomato powder was determined using a pH meter (Jenway, Model 3510; Essex, UK) after calibration using standard buffers of pH 4.00 and 7.00.
| Determination of titratable acidity (TA)
Titratable acidity was determined using the AOAC (2005) method: the amount of acid (citric acid) in each sample was determined by using the following equation:
| Color analysis
Color measurements of the tomato powder were done using a colorimeter (CR-400; Konica Minolta, Tokyo, Japan). Before measuring the color, a standard white ceramic plate was used to calibrate the colorimeter (L* = 96; a* = 0.13; b* = 1.63). L* denotes lightness (L* = 0 for black, L* = 100 for white), a* denotes intensity in red-green (a* > 0 for red, a* < 0 for green), b* denotes intensity in blue to yellow (b* > 0 for yellow, b* < 0 for blue). Other color parameters that were calculated are:
| Microbial population
One gram of each tomato powder sample was homogenized at 5,000 g using a homogenizer (ultra-turrax T25 blade-type homogenizer; Ika-Werk, Staufen, Germany) in 9.0 ml sterile 0.1% Lycopene (mg/kg) = (A 503 × 171.7)∕W %Titratable acidity = Titre × 0.1 × 0.00705 × 100∕Weight of sample Redness to yellowness ratio(a
peptone water for 30 s and then a tenfold serial dilution was carried out. Aliquot of 1 ml was plated Nutrient agar (CM003; Oxoid Ltd, Basingstoke Hants, England) and Malt Extract Agar (CM 0099;
Oxoid) being suitable media for the growth of total aerobic bacteria and fungi, respectively. Plated aliquots for total aerobic bacteria were incubated at 37°C for 24 hr, while fungi plated aliquots were incubated at 25°C for 5 days. A colony counter (LM-10; Analab, New Delhi, India) was used to enumerate the microbial population and the counts of the microorganisms were recorded in cfu/g.
| Storage studies
Polyethylene-packaged cherry and plum 60, 65 and 70°C dried tomato powders stored at ambient temperature (25 ± 2°C) for 8 weeks were analyzed at 2-week interval for a period of 8 weeks to determine the changes in their quality attributes: pH, TA, microbial load, color parameters, ascorbic acid, lycopene, and moisture contents.
The percentage increase/decrease in these quality attributes the end of the storage period was calculated as;
Also, change in color at the end of the storage period was 
| Statistical analysis
All experiments were performed in triplicates, and data collected were subjected to ANOVA (analysis of variance). Duncan Multiple
Range test was used to separate the differences among the means, and significances were accepted at 5% confidence level (Duncan, 1955) using SPSS version 23 for windows.
| RE SULTS AND D ISCUSS I ON
| Chemical properties of cherry and plum tomato powder dried at different temperatures
The chemical composition of tomato powder from two tomato varieties dried at different temperatures is presented in had the highest value for moisture and ascorbic acid content, while plum tomato dried at 70°C had the lowest value, and this can be due to the higher drying temperature of the aforementioned plum tomato. Cherry tomato dried at 70°C had the lowest value for lycopene, which is the most abundant carotenoid (Periago et al., 2009) , and the deep-red coloring pigment was found in tomatoes and its products (Shi & Le Maguer, 2000) . They also exhibit antioxidant properties thereby contributing to the elimination of free radicals in the body. The lycopene content of the analyzed tomato powders ranged from 211.53 to 246.02 mg/kg; lycopene content of tomato paste was between 104.78 and 923.45 mg/kg in the study of EkeEjiofor (2015) . Asides for genetic variability, processing at higher temperature might have facilitated the higher lycopene content in the case of cherry and plum tomato powders dried at 65°C. Nguyen and Schwartz (1998) reported that the availability of lycopene from Quality parameter at week 0∕8 − quality parameter at week 8∕0 × 100
TA B L E 1 Chemical properties of cherry and plum tomato powders at different drying temperatures Oxygen also reacts with ascorbic acid leading to oxidation, wherein ascorbic acid is broken down to dehydroascorbic acid, followed by hydrolysis into 2,3-diketogulonic acid and further oxidation and polymerization to a number of nutritionally inactive products (Cernisev, 2010) . This reaction is also accelerated under high-temperature conditions. An insignificant reduction in ascorbic was observed in the case of the cherry tomatoes at increasing temperature compared to plum tomato, which might be due to species variation in terms of morphology and moisture content. The rate of degradation of the ascorbic acid content of cherry tomatoes will also depend largely on its initial ascorbic acid content, which was not accounted for in this study but it was clear that the cherry tomatoes had higher ascorbic acid content than plum tomatoes.
The pH of the tomato powder from different tomato varieties ranged from 4.19 to 4.29, and the processing conditions had no significant effect on the pH. Tomato products are generally grouped as acidic foods (pH <4.6), and the pH range obtained from this study were in line with this. Microbial contamination of tomatoes consequently leads to deterioration and represents a health hazard to the consumer, however, mesophylls, molds, yeast, and coliforms are the commonly found microorganisms in tomato (Vinha, Barreira, Castro, Costa, & Oliveira, 2013) . The total aerobic and total fungal counts of the tomato powder samples ranged from 5.15 × 10 2 to 5.56 × 10 2 cfu/g and 7.30 × 10 1 to 7.55 × 10 1 cfu/g, respectively (Table 2 ). The levels of contamination observed may be derived from direct contact with handlers, air, and storage environment among others.
The a*/b* ratio of the tomato powder from different tomato varieties dried at different temperature was significantly (p ≤ .05) different with values that ranged from 0.91 to 1.26 (Table 3) . As the temperature increased, the color intensity parameters (a*, b*) decreased for the two tomato varieties. Hayes, Smith, Morris, and Smith (1998) reported a*/b* ratio as the indicative and quality parameter for the color of tomato products, while Sobowale, Olatidoye, Odunmbaku, and Raji (2012) stated that an a*/b* ratio of 1.9 or greater represents a quality tomato paste in terms of color. The a*/b* ratio obtained in this study was lower than 1.9 which indicates that the temperature negatively affected the color of the tomato powder.
The values of chroma followed the sequence of cherry tomato dried at 70°C, cherry tomato dried at 60°C, plum tomato dried at 70°C, cherry tomato dried at 65°C, plum tomato dried at 65°C, and plum tomato dried at 60°C (Table 3) ; this confirms that there was more retention of the redness color of the tomato at lower temperatures.
| Chemical properties of cherry and plum tomato powder stored for 8 weeks
Low-temperature storage has been identified as the best method of maintaining the quality of most vegetables and fruits including tomatoes due to its impact on ripening, transpiration, and reduced respiration rate among others (Tigist et al., 2013) . In dry and powdery states of fruits and vegetables, compared to high-temperature storage, low-temperature storage is also beneficial due to its cryoprotectant effects against nutrients such as vitamins (Cernisev, 2010) and reduced degradative reactions as a result of decreased water mobility inside powder particles (Rodriguez et al., 2009 ).
Nevertheless, under the condition of this study, the tomatoes were are both acidity indicators in tomatoes and the decrease observed in the TA during storage could be due to breakdown of organic acids during storage, similar results were reported by Castro, Vigneault, Therese, and Cortez (2005) . In addition to this, the significant differences in the pH observed as percentage increase in Table 4 could be due to genotypic variability (Mohammed, Wilson, & Gomes, 1999) and were consistent with the finding of Tigist et al.
(2013) although they worked on fresh tomato.
Changes in ascorbic acid are usually used to obtain the overall nutrient retention of food products; in this study, ascorbic acid degraded as the storage period increased and the decrease was more prominent in cherry and plum tomato dried at 70°C with both having 27.91% and 28.38% decrease, respectively. This might be due to the high sensitivity of ascorbic acid to oxidation during storage and its easy depletion due to the application of heat (Davey et al., 2000;  Murcia, Lopez-Ayerra, Martinez-Tome, Vera, & Garcia-Carmona, TA B L E 3 Color intensity of cherry and plum tomato powders at different drying temperatures Color is a critical factor of the consumer preference for any tomato product including powder, and a* (redness) is the most important parameter for measuring tomato color. When red color pigments started to decrease, an increase in L* value indicated the lightening of the red color. In general, higher values of coordinate L* were noted for cherry tomato powder regardless of the temperature used when compared to plum tomato powder which might be due to the differences in the color pigment of the two tomato varieties. An influence of the drying temperatures in case of color attribute b* was observed in cherry tomato powder pointing to the probable presence of newly formed compounds (Pathare, Opara, & Al-Said, 2013) .
Change in color gradually increased throughout the storage periods in all samples (Figure 2) . ΔE indicates the change of all color parameters and is more attuned than the b*, a*, L* value. ΔE increased as the storage period increased with cherry tomato powder having TA B L E 4 Percentage increase in the quality parameters of cherry and plum tomato powders at the end of 8 weeks storage period F I G U R E 2 Change in color of cherry and plum tomato powders at the end of 8 weeks storage period higher values than plum tomato powder. According to Urbanyi and Horti (1989) , the typical color change of stored tomato powders is usually characterized as increase in yellowness, decrease in redness, and concurrent lightening of the color. The gradual decrease in redness and the observed color change during days of storage could be associated with the breakdown of lycopene a major contributor to tomato color due to its bright red carotene and carotenoid pigment.
Plum tomato dried at 70°C had the highest lycopene content (385 mg/ kg) at week 2 but decreased at the end of the 8th week. Due to the existence of a long chain of conjugated carbon-carbon double bonds, lycopene is susceptible to chemical changes upon exposure to light and heat (D'Souza, Singhq, & Ingle, 1992) . Undesirable degradation is unavoidable due to oxidation and isomerization of translycopene to the cis isomers during processing which facilitate reduction in the biological activity of lycopene as well as color loss (Edwards & Lee, 1986) .
| CON CLUS ION
The study showed that there were significant (p ≤ .05) differences in chemical properties between the tomato varieties during drying.
Cherry tomato powder had higher value for lightness, ascorbic acid, hue, yellowness, and moisture than plum tomato powder, whereas plum tomato powder had higher values for TA, chroma, and redness.
Drying of cherry tomatoes at 60 to 70°C had no significant effect on its pH, moisture, ascorbic acid content, total fungal load, and lightness on the other hand; drying of plum tomatoes within the stated temperature range had significant effect on these parameters except for lightness and pH. Increase was observed in the total fungal load and lightness of the two tomato varieties at all temperatures, while the TA, pH, ascorbic acid, lycopene, redness, and yellowness increased as the storage period increased to 8 weeks. In terms of ascorbic acid, redness, moisture content, lycopene, yellowness, and TA at the end of the 8 weeks storage period, 60°C plum tomato powder had the minimum effect. This study will be useful in establishing appropriate storage and processing conditions to minimize degradation of quality parameters of tomato powder and recommends possible supplementation of ascorbic acid in tomato powder during drying as well as the reduction in tomato processing temperatures.
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